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SUMMARY

A technique was developed for préviding transfer-of-training
from a form of audiovisual pretraining to an instrument flight
task. The continuous flight task was broken into discrete "“cate-
gories of flight." Each category combined an instrument configura-
tion with a return-to-criterion aircraft confro] response. Three
methods  of sejquencing categories during pretraining were compareh:
(1) one group was pretrained by presenting categories in a natural
task sequence, (2) a second group was pretrained on categories
presented in random order; while (3) a baseline group received no
category pretraining. Significant positive transfer was found for
both the sequenced and random forms of pretraining relative to the
baseline group. Transfer percentages ranged from seven to 48 per cent

throughout transfer pract1ce.l
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Transfer from Audiovisual Pretraining = .. ..

To a Continuous Perceptual-Motor Task

Milton E. Wood
Flying Tréining Division
Alr Foroe Human Resources Laboratory

williams Alr Force BasSe, Arizona

Vernon S, Gerlach
University of Minnssots

Minneapolis, Minnesota
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One distinctive human characteristic is the ability to

" perforr a continuous, complex perceptual-motor task with
precisisn and reliability, Traditionally, perceptual-motor
tasks are taught uélng apprenticeship instruction, During
instruction, emphasis is placed on the‘use of the actual
vehicle and task, Three recent developments have led t» a
need for more efficlent techniques for developing perceptual-
motor s%ill,

First, the dollar cost associated with the purchase and
maintenance of criterion devices such as airplanes and
automobiles continue to lncrease, Secondly, the air or ground
space reeded for initial vpractice of the criterion task is
often rot available or is easlly polluted, Thirdly, as the
general complexity of many'perceptualumotor tasks increases,
fewer criterion practice situations are avallable which provide
an acceptable learning environment for the novice.

To reduce some of these problems, modern instructional




teohnology provides a number of training techniques to
facilitate motor skills instruction, For exsmple, the train-
ing effeotiveness of simulators and part-taék trainers has
been olearly demdnstrated, However, these devices are
becoming so Sophisticated and costly that efforts must be made
'to define least-cost training technigues whioch ocan preceds,
augment or replace existing forms of simulator or part-task
1nstruct{on. .

Researoh regarding (1) the strong conceptual nature of
the perceptual-motor task, and (2) techniques for providing
stimulus pretraining seem particularly promising as sources
for new least-cost tralning techniques, Recent work by Posner
and Keele (1971) highlights the notion of ‘conceptual "motor
programs" which serve to drive complex motor behavior,
Similar construocts are offered by Attneave (1957) and
0ldfield (1954) under the general rubric of conceptual
"schema," In the area of stimulus pretraining, significant
transfer-of-training has been shown when stimulus pretraining

"was used for discrete, discrimination-type motor tasks. The
research in this area, inocluding studlies on stimulus predif-
ferentiation, sensory prggbndltaéning, and acquired distinec-
tiveness of ocues, leads one to believe that these prinoipleé
could be used to train 8s in the cognitive "motor programs"
or “schema' which direct subsequent motoxr behavior, The
effiolent.use of this general approach has not‘been generally
employed in perceptual-motor training,

The objectives of this study were: (1) to develop a

[]iﬁ:thod for describing a continuous, complex perceptual-motor

IToxt Provided by ERI
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task in disorete cognitive terms by which S8 could be

pretrained through use of static, programmed, audiovisual

.teohniques; (?) to oconstruot an audiovisual training devioe

to provide realistic, programmed practice in the stimulus=
response events seleoted for pretfaining; and (3) to oconduot
a ocomparative experimental study to determine the relative |
levels of transrer-of:training between three pratraining
treatments and the transfer task,
METHOD

Porty-five male volunteer Ss were randomly assigned to
one of three groups of 15 Ss. All Ss were adult males
between the ages of 18”and 28, and had no previous piloting
experienoce, ' |

Figure one shows the light alrplane instrument trainer
with simulated motion (i.e., the Link GAT-1), used to provide
the training environment for the transfer task, The GAT-1
was operated only in the pitoh dimension, thus restricting
the instrument flight tasy. to straight ahead variations in
pitoh and altitude only, A random "rough air® perturbation‘
was used as a foreing function, while S error in pitch and.
altitude was integrated over time (i.e,, absolute integrated
error) through use of an analog computer, Temporal measures
of trial and intertrial interval, time to level-off, and
level flight time were recqrded through use of interval and
clock counters. ‘
o Pigure two shows the Audiovisual Cockpit Trainer (ACT)

constructed to provide pretrdining sequences. The ACT was



Fig, 1., Link General Aviation Trainer (GAT-1),
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Fig. 2,

Audiovisual Coockpit Trainer (ACT).




designed to representkthe BAT=1 oookpit and pfovideda (1)
wheel cohtrol; (?) a rear projeotion soreen whioh repressnted
the "instrument panel" of the GAT-1} and (3) a series of
three lights whioh were used for feedback purposes. All
~dimensions and spatial relationships of the .GAT-1 were
preservad in the ACT, To¢ provide open=loop wheel (pitoh)
responses te various instrument oonfiguratipne, 35mm slides
‘were disflayed on the ACT "panel" by means of rear projestion,
Slide sequenoing and audio instruotion were provided by a
cassette loaded tape programmer. Mioro~ew1tohes positioned
on the wheel aesembly provided 1n%jeations of 8 respones for
performance measurement and the display of knowledge-ofu
results. Acouraoy and latenoy of response moasuros uepe
obtained for all oriterion test events, See Appendix I,

The following prooedure was used for represenﬁing’tho
instrument flight task in disorete terms for pretraining
purposes: (1) the speoific instruments involved in the
oriterion task were identified; (2) only three states were
allowed for eaoh instrument, 1i,e,, greater than, equal to,
or below a stated oriterion; (3) all oombinations of the
seleoted instruments across three states were calculated;
and (4) only those instrument combinations likely to be
enoeuntered in transfer performance were seleoted for
pretraining purposes, See Appendix II for detalls,

Having selected a set of instrument “categories!
approoriate for pretraining use, a pitech response wasg

cqleoted for each flight category whioh would initiate a



simulated return to the oriterion flight condition. For
example, the ?ategory “plton high, altitude high" would
reduire a wheel forward response to initiats a return t&
altitude, The oategory'"pitoh low, altiiude low!" would
require a wheel back response to initiate a rqturn’to
altitude, Inherent in this prooedure is the definition'of a
set of mutually exoclusive instrument configurations whioh
represent the oriterion task, but which ocan be manipulated in
a number of different ways for pretraining purposes, 1t also
provides a set of 1nstrument-r03ponse categories whioh; token
singly or together, provide a general strategy for moving
from a state of error to a "oorreot" oriterion oondition.

In terms of the present study, two variations 1n"
instruotional sequence were explored, One group of 15 8s
received pretraining in flight ocategories which were.

' sequenced_in a natural task order, while a seocond group of
15 Ss were trained in the same flight categoriés presented
randomly., A third, or baseline group of 15 Ss received no
pretraining on flight categories, but did receive a form of
pretraining which acquainted Ss with single-instrument
reading skills only,

As shown in Figure 3, the experimental design required |
two experimental sessions presented on two consecutive days{

- On the first day, ail Ss were given a simplp reaction time
test, and were required to read a simple “air to ground*
message of the kind used for time sharing during the lust six

]ERJ(f trials of transfer performance, Following a short au@lovlsual '
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Fig. 3 Blook diagram or -eXperiiehtal- design showing
temporal sequenoe of tra;ning events. Simple reaotion time

and message reading data nge obtained under the heading

‘ Pretraining Data. other é%breviationa are as follows:

SIT=81ngle Instrumont Triining; MIT=Mu1t1ple Instrument
Training; and FIT=Final Instrument Trainlns.




"intyoduoction® progran, all 88 reccived a Yinear, programmed
sequence on how to read pitoh or altitude 1nstruments wheon
presented singly. During this instruotion, 8s used switohes
loocated on the'AQT pane) to make tdentifiocation responses to
questions presented on 35mm slides, A oriterion test was
administeied after siﬁgle'instrument training. Following
completion of this phase of instruction, the two experimental
groups ‘were given either sequen&ed or random pretraining on
selected flight categories (i.e., multiple instruméht train-
ing), Wheel responses were made during this phase of
instruction, with linear programming techniques being used to
guide Ss through a total of 18 exposures to each flight
category, A oriterion test which required responses to
flight categories presented in both a sequenced and random
fashion were given after this training,

On the second day, baseline S8 were re-examined in single
instrument reading skills, and then given practice in the
transfer GAT-1 task, Experimental Ss received brief pre-
training sequences of either a sequenced or random nature,
followed by a "final practice" oritgrion test and practice on
the transfer task. _

| The transfer task isvshown séhematically in Plg., 4, 8s

':wére required to: (1) make a ocontrolled olimb or descent of
200 feet to an altltu@e of 3000 feet; (2) maintain level
flight at 3000 feet for 40 seconds; and (3) establish a

controlled olimb or descent until the termination of a trial,

EKUCI‘welve two-minute trials were presented, followed by an
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Fig, ¥, Flight profile (i,e., Lldeal) of transfer task,
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additional six trialy in which 8s were required to read e
message while performing the 1evel-f113ht portion of the
task, TIrials were blooked by psirs of two for statistical
anaiysis.

RESULTS AND DISCUSSION .

A first measure of transfer performance in the GAT-1 was
time-to-level-off, To obtain this measure, Ss were timed as
th??‘blimbed or descended through 200 feet altitude at é 500
fpm rate, At 500 fpm, 24 seconds were required to move
throuah 200 feet of altitude, Variatlons from this 2?4 second
ideal were used as the time-to-level-off e¢rror measure, A
natural log transform was appli%d to the raw data to reduce
positive skew (Winer 1962 ), Figure § shows these data,

Based on a repeated measure analysis of varlénoe
(Lindquist Type I), signifiocant between S differences were
found, P(2, 42)=11,1955, p<.0003., Post hoo analysis of
sinmple main effeots showed signifiocantly less error for
sequenced trained 8s relative to baseline 8 during trials
7-8, p<001, and trials 13-14, p<,05, Signifioant simple
main effects were alsc found between baseline and rundom
trained Ss at trials 15-16, p<,01, and trials t7-18, p<.0é.
The reliability coceffiolent, as estimated by Hoyt's (1941)
analysis of variance procedure, yields r=,606,

To mere 6lear1y di{splay the direotion and amount of
transfer, Fig, 6 shows the time-to-level-off data in terms of

per cent transfer, The Murdock (1957) formula was used where.
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Experimental Score«Control Score
Percentage of transfer = x100,
Experimental Scors+Control Score

Log transform scores were squarsd prior to use in this
formula to provide a best compromise between raw and log
transformed data (Myers, 1966),

The profiles of Fig; 6 show transfex effeots inoreasing
with practice, During triéla 15 through 18, random trained
3s show sustained transfer effects eround the 40 per cent
level,

A seocond transfer measure was a combination of two
absolute integrated pitch error soorés. i,0,, piteh ervor
obtained before level off plus pitch error obtained after
térmlnatlon of level flight, Figure ? shqws these data, To
reduce ppsltive skew, data were again transformed to natural
logs, A Type I ANOVA showed signiflocant vetween Ss effeots,
F{?, 42)=3,446, p<,04, Post hoo ana)ysis of simple main
effecots showéd early differences between baseline and
experimental groups, Sequenced trained Ss were significantly
better than baseline during trials 1-2, p<,01 trials Jalt,
p<.05, and trisls 5-6, p<{,05., Random trained Ss showed
significant gains during trials 1-2, p<,01, and tfials 5-6,
p<.05, Test reliability, as estimated by Hoyt's (1941)
procedure, gives r=,758,

Flgure 8 shows the approach plus departure pitch data
as per cent transfer, The Murdook (1957) formula and squared

" log scores ( Myers, 1966) were again employed, Relative to
QO 11s measure, lesser gmounts of transfer oocour, Only early

E119
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signifioant effeots are apparent, i,6,, trials 1 through 6,
with per ocent transfer ranging from 18 per cent to 7 per ocent,

A final set of measures refleot performance during the
level flight portion of transfer practice, Figure 9 shows
these data, Absolute Integrated Error was obtained for both
pitoch and altitude, Natural log transforms were used to.
reduoce positive skew, Type 1 ANOVA showed no sign;ficant
differences for tho pltoh error measure, Howevér. significant
findings were observed for altitude error, F(2, b2 )elt 057,
p<,0239, Post hoo analysis of simple main qfreots showed
significantly less error for séquenoed trained Ss rel&tiVo
to baseline 8s during trials 1-2, p<4,05, trials =4, p<,05,
and trials 17-18, p<.05. Similar significant results were
shown for random Ss relative to baseline during trials‘it-l?.
p<,01, and trials 17-18, p<,05, Test reliabilit&. as estimatid '
by Hoytt's (1941) procedure, gives r=,839, |

By squaring the log scores (Myers, 1966) for use in the
Murdook (1957) per cent transfer formula, the data of Fig, 10
1s generated, In the altitude control task, both forms of
pretraining provide transfer peroentages that range from 16

~to éu per oent, Transfer effeots also appear to persist
throughout all 18 transfer trials, ; o
= k  Considering the transfer data,lseveral useful oonolusionsvik(;f@
&°i?7;goan be drawn., of primary 1mportanoe was the finding that & rf?rrrw

i {oomplexw‘Oontinuous. peroeptual-motor task can be pre"rained,rf;z

' aprogrammed, sound-s1ide teohniques.r
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”fa-pretraining. Support is also given to the category me thod 9( |
L than a speoifio representation of the neuver. (e.e.. main-

\tf;‘tRSk pretrainod).~ The resulte or this study also reduoe
"f7 ‘ooncorn oveyr pretrainins oharaotoristios whtoh could have

“~>this nature,

20

percentages ranging from seven to 4f pey oont,throﬁghout

tranaf&r praotioo suggest a nrotraining technique of definite
" preotiocal potential, The immediate and sustained indication
of positive trnnsfer during transfer practice provideé olear

éupport for a'relevant stimulus, relevant response form of

ééparatlng a oontinuous task 1nt6 disoréte parts, and the
notion of trainins Ss in orror oorrootion stratosies rather o

- taining level flight when return to 1ova1 flight nas the only
’i provided negat;ve transfer offeots. The open-loop nature of

,praotioe. )aok of oontrol "feel.".fixed airoraft oontrol ,’ﬂ'fﬁ?

~exourslons. and no instrument movement represents faotors of

‘ A lack of signifioant difroronces between random and
“sequenoed pretraining doos not support the oxlstence of maJor

differenoes betyeen thase treatments, A tendenoy for random.

| n, npretraining to provide & more sustained effeot relative to

baseline is seen in the last four trials of time-to-level-" ‘~\:k>fff

,.;f: off. Random trained Ss also show sustained transfer erfeots
“‘~Vf_dur1ng trials 11-12 and 1?-18 of the altitude-during-levelu‘
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notidetermined in this study, For example,. in the. present
’ study it musb be assumed that random trained Ss loarned the
sequential dependenocy of the oriterion: task by their own
methods, This leaxning oould ooour during pretrainina
through § 1oglo. and/or durlng transfer practioce, It g can
quiokly learn the soquentlal aspeots of a task 1n this way.

well oconstruoted random oretraining sequence oould provide s ‘ j;§5

with sucoessful, pretraining in the basio stimulus-rosponse '
elemonts of 8 large olass of maneuvers, Should this ooour.
‘the flving training studont would have opportunity bo
praotice the task elements of flight much as tho mueioian"f
»praotioes the "socalesh of . musio to better subaequent ": ‘

performanoce, e
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APPENDIX 1

Funotional diagrams of GAT-1 and ACT oirouitries,
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APPENDIX Il

RULES FOR FORMING FLIGHT CATEGORIES

1, Seleot instruments needad for performance of th
task, In the present study, only the altimeter and the

pitoh indicator of the artifiocial horizon was used,

2, - Seleot the flight oriterion (oriterions) whioh

Yepresent desired performance., Level flight at 3000 feet

was selected as the oriterion task,

3. Allon only three states to exist for any 5;vo
instrument, 1.,e,, greater than,’egual to, and less than

oriterion., Equivalent states for an altimeter would be
high, OK, low. States for pitoh wald be up, lavel, and
down, |

4. Plot all possible ocombinations by instruments and

states. The nine combinations for'altitude and pitoh are

sﬁown below. The makimum nunher of combinations equals the
numbor. raised to a power equal to the numbery or instruments,

thus 3 o 3 = 9 oategories,

Category Altitude Pitoh
- High ’ﬁp
2 High - Level
3 . ’ HiSh ' o ~D°“n’; ER
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Category Altltude ¢ Pitoh

5 0K Level
6 0K Down
7 Low Down
8 Low ' Level
9 Low . up

o

5. 8elect those categories of flight liltely to be
encountered during praotice, or those whioh are to bLe

panipulated for experimental purposes. In the present |
study, emphasis was plaood upon erroxr correction stratogles. o

1.,6,, training Ss to return to 3000 reet. Beoause the
widile three categories represent rlight at 3000 feet, they
vere not 1noluded in the pretralnins regime.

6. Aasign appropriate respgnses tg the oategor;e

seleoted for use, The asslgnment of responses for this

study 18 as follows:

Category Altitude Pitoh | Eheel Responsge
1 T ‘Hish Up Wheel forward
2 High Level Wheel forward
3 High Down oK.
L Low Down Wheel baok
5 Low Level Wheel baok:
6

Low Up 0K




gg}gs ;f rggui:gg The proqent atudy required trainins or

-ono-bar doeoente end 1evol-orta tor oatogortoa ‘three and .
8ix. ‘The final flight oategories. with limitins 1nstrumgne~,fi??<
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2 ﬁish
3a ‘High
3b High
30 High
b Low
5 . .. Jlow

l‘ziton

Up

Level

Down
Down

" Down

Down

Level
Up
”

he

msu._sn o8 onso;,“vfﬁ

Ay F‘omrd [P

e ]

>ho teot  Back
Ay Back

.. N

>1 bar  Porward .

40 feet ".Forward :




